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The sorption of carbon and oxygen on copper surfaces has been studied by AES and LEED.
The carbon coverage has been estimated by measuring the substrate Auger peak attenuation
upon changing the carbon coverage and by studying the coadsorption of oxygen and carbon on
the surface. The effect of carbon on the background of derivative spectra is also reported.
1. Introduction
In cleaning copper surfaces by ion bombardment and annealing, carbon appears
very often as a final contaminant which is very difficult to eliminate totally com-
pared with other contaminants (0, S, Cl). Even during ion bombardment, surfaces
are easily contaminated by carbon and the degree of contamination depends on the
cleaning conditions. The main cause of the contamination may be the decomposi-
tion of hydrocarbons of the residual gas [1,2].
In spite of this frequently occurring contamination by carbon, to our knowledge
systematic studies of carbon on copper surfaces have not been published. Only a
LEED observation of a carbon superstructure on Cu(100) [2] and a metal deposi-
tion study on Cu (1 00), contaminated by carbon [3] have been reported. In this pa-
per we present results of a LEED—AES study on Cu(1 11) and Cu(l 10), both at dif-
ferent carbon coverages. To estimate the carbon coverage the co-adsorption of oxy-
gen on Cu(1 10) covered by carbon was also studied.
In contrast with carbon, the adsorption of oxygen on copper surfaces has been
extensively studied by many authors using various surface analytical techniques,
such as LEED, AES, XPS, UPS, ELS, ellipsometry and work function measurements.
For recent reviews cf. refs. [4,51.In this paper additional data on the adsorption of
oxygen on Cu(1 10), obtained by LEED and AES, are reported.
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2. Experimental
The experiments were performed in an ion pumped stainless steel vacuum sys-
tem with a LEED/AES four grid optics. The vacuum pressure after bake-out was
—2 X 10b0 Torr. A quadrupole gas analyzer (RIBER, model QX-lOO) was used for
residual gas analysis. To perform dynamically cleaning and exposure cycles, the gas
could be pumped by a turbo-molecular pump (Pfeiffer, model TPU 270). During
these cycles the ion pump was separated from the system by a valve. The pressure
was measured with an ionization gauge, for pressures> I 0~ Torr a Miii Torr gauge
(Varian, model 971-5009) was used.
The single crystals were cut by spark erosion from 5N copper rods (Metal Re-
search Imanco) to within 0.5°of the desired crystallographic orientation. The spe-
cimens were mechanically and electrochemically polished and mounted in the sam-
ple holder (RIBER, TUM-3). The specimen temperature was measured with a chro-
mel alumel thermocouple attached to the specimen.
After mo~ting the sample, carbon, sulphur and oxygen contaminations were
observed by AES. The AES spectra were taken witha retarding grid analyzer (RIBER,
model OPR-304) using a primary energy of 2.5 keV at a grazing incidence angle of
18°and a modulation voltage of 10 ~ After several argon ion bombardments
(5 X i0~ Torr, 600 eV) at room temperature only carbon was observed as conta-
minant. Sulphur segregation at higher temperatures could be eliminated by repeated
cycles of argon bombardment and annealing (~u500°C).After this treatment no
sulphur contamination was observed up to 400°C.
The different carbon coverages were obtained by reducing the carbon contami-
nation by varying the argon bombardment conditions (5—30 mm, 25—400°C).For
oxygen adsorption studies, research grade oxygen gas (Precigaz A48, l’Air Liquide)
was introduced dynamically into the system at pressures between 10—8 and 10~
Torr. During the exposures the ionization gauge and other filaments were switched
off. After exposure the oxygen was pumped out before the measurements were per-
formed.
3. Results and discussion
3.1. Sorption ofcarbon
For various carbon coverages (0 < hc/hc~<0.41) the copper Auger peak height
at 62 eV (hCu) and carbon Auger peak height at 272 eV (hc) were measured for the
Cu(1 11) surface as a function of the current between sample and ground. In the
range of 0.5—6.0 jiA both peaks increased linearly with increasing current. This lin-
earity has also been reported for clean copper surfaces [6]. The absolute peakheight
could be reproduced within ±3% by taking special care of the sample position and
the current between sample and ground.
208 0. Oda eta!. /AES/LEED study of Cand 0 sorption on Cu surfaces
hc~
hc~
/~ h~ 0.40
‘-:~300$
S
.
-c
0) 0.30
-~
S •
~200
\\ I 0.20
“if
100 /\
/ ‘•
/
0 20 0
carbon Auger peak height (a.u.) h~
Fig. 1. The copper Auger peak height (hCu, 62 eV) and the ratio hc/hCu as a function of the
carbon Auger peak height (hC, 272 eV) for the Cu(1 11) surface.
In fig. 1 the copper Auger peak height and the ratio hC/hcu are plotted as a
function of the carbon peak height. The plots were obtained by taking the values at
3.0 pA of the measured linear curves. The figure shows that the copper Auger peak
is not so much attenuated up to hc/hCu 0.03, while in the range 0.03 <hC/hcu
< 0.14 the attenuation is considerable. At higher carbon contaminations, the atten-
uation becomes smaller. The measurements on Cu(l 10) made in the range of 0.03
<hC/hcu <0.09 also showed a considerable attenuation of the copper Auger peak.
In the range of observed carbon contaminations, the shape of the carbon peak was
that of graphite [7] and the width of the copper Auger peak remained constant.
0. Oda eta!. /AES/LEED study of Cand 0 sorption on Cu surfaces 209
The results may be explained by assuming that on Cu(1 11) at lower carbon coy-
erages (hC/hCu < 0.03) carbon is present in the form of small multilayer islands
(Volmer—Weber mode, cf. ref. [8]) and at higher coverages up to hc/hc~ 0.14,
the rest of the copper surface is covered by a uniform monolayer of carbon. The
smaller attenuation at hC/hCu > 0.14 can be ascribed to the formation of a second
layer. For an adsorbate present in the form of islands instead of a uniform adsorp-
tion layer, the simple Auger signal analysis applicable to metal deposition [9] and
segregation [10] can not be used. The observed smaller attenuation of hCu above
hC/hCu 0.14 indicates that this value represents approximately the level of one
“monolayer” of carbon (a surface totally covered by carbon).
The elastic mean free path (IMFP) of 62 eV electrons as deduced from the least
squares fit to the compiled data, given by Seah and Dench [11] is Xm = 1.8 layers.
This is in agreement with a recent determination of Xm = 1 .9 layers for 64 eV elec-
trons through a carbon layer on platinum [1]. From the value Xm = 1.8 the attenu-
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Fig. 2. hcu/R as a function of hC/R. R is the distance between the midpoint of the copper
Auger peak at 62 eV and the constant background at higher energies.
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ation through one monolayer of adsorbate can be calculated to be a = 0.47 by using
the equation a = exp(—l/0.75 Xm) [1]. This value is near to the attenuation factor
derived from fig. 1 at hC/hCu 0.14 which is 0.37. This shows that our estimation
of one monolayer is not unreasonable.
McDonnell et al. [12] have reported the presence of temperature dependent peaks
(TDP) in secondary electron emission spectra. Because of the presence of a TDP at
270 eV, it was found that the carbon Auger peak is difficult to detect at lower coy-
erages hC/hCU <0.01.
In fig. 2 the effect of the carbon coverage on the background of the derivative
spectrum is presented by plotting hCuIR as a function of hc/R, where R is the dis-
tance between the midpoint of the copper Auger peak at 62 eV and the constant
background at higher energies.
As discussed in ref. [13] the value of R can be considered as a parameter associ-
ated with the true secondary electron emission. It should be noted that hCu/R in-
cludes also the effect of carbon adsorption on the Auger signal [13]. Fig. 2 shows
that the effect is the same for the two crystallographic orientations (111) and (110).
The extrapolated values of hCU/R are for both clean Cu surfaces 1.57. This value is
near to that of nickel (1.72) [13], in spite of the difference in substrate. This might
imply that the ratio of Auger electron emission and true secondary electron emis-
sion in the energy range of about 62 eV is the same for nickel and copper.
For the (110) and (111) surfaces no extra LEED spots were observed at room
temperature. The substrate spots were diffused and the background was intensified
with increasing carbon coverage. This indicates that carbon is probably adsorbed in
an amorphous disordered form, in contrast with Cu(l00) [2]. At coverages hC/hCu
> 0.14 the substrate spots became nearly unobservable, indicating the formation of
a uniform carbon layer as mentioned above.
3.2. Sorption of oxygen on Cu(11O)
Auger spectra for oxygen on clean Cu(l10) surfaces were taken at room temper-
ature in the oxygen exposure range of 0—i04 L (1 L = 10—6 Torr s). In fig. 3, the
ratio of the oxygen Auger peak height at 514 eV to the copper Auger peak height
at 62 eV is shown as a function of the oxygen exposure. At about 45 L, the surface
was saturated by oxygen and a (2 X 1) structure was observed by LEED. The oxy-
gen Auger signal remained constant in the range of45—3 X l0~Land increased above
3 X i0~L. At 3 X i04 L, a very vague c(6 X 2) structure was observed. A sharp
c(6 X 2) structure was obtained by exposing the surface to oxygen at 200°C.
The observed kinetic character is similar to the results of Habraken and Bootsma
[14], who measured the Auger peak height of copper at 920 eV instead of 62 eV.
The observed constant coverage in the range of 45—3 X l0~L may be ascribed to a
nucleation process prior to the formation of the c(6 X 2) structure as has been ob-
served for Cu (100) [15]. As the equilibrium oxygen pressure for bulk oxide forma-
tion at room temperature is less than 10’~Torr [16], the observed constant cover-
age can not be due to an equilibrium process.
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The copper peak height at 62 eV was measured after various oxygen exposures
while the sample was fixed at the same position and with a constant current be-
tween sample and ground of 3 pA. As shown in fig. 3, the peak height remains prac-
tically constant, even at exposures up to 5 X 1 o~L. The result shows that the sub-
strate Auger peak is not attenuated by oxygen adsorption even though the Auger
electron energy is in the range of the minimum IMFP [11]. A similar effect has
been reported for sulphur on copper [9] and phosphorus on nickel [10]. The IMFP
curves as a function of electron energy [11] seem not to be valid for these adsorp-
tion systems. This could be caused either by incorporation of the adsorbed atoms
or because of exceptional scattering mechanisms.
3.3. Co-adsorption ofcarbon and oxygen on Cu(110)
Oxygen was adsorbed on a Cu(l 10) surface covered by various carbon quantities.
As shown in fig. 4, the oxygen saturation coverage for the (2 X 1) structure de-
creases and the adsorption rate is retarded by increasing the carbon coverage. A sim-
ilar phenomenon has been observed for adsorption of oxygen on nickel covered by
carbon [17]. After saturation, the (2 X 1) structure was always observed. This
shows that the surface is partially covered by carbon withbare surface in between,
which can be occupied by oxygen. The result supports the mechanism proposed in
section 3.1.
From fig. 4, the carbon coverages 0c can be estimated. The Auger peak ratios at
oxygen saturation coverages on the clean and carbon contaminated surfaces will be
represented by hg/h~~and hO/hCu, respectively. The ratio
can be derived from fig. 4. The Auger signal hCu is attenuated by the presence of
carbon (fig. 1) but not by adsorption of oxygen (fig. 3). If~ is the value of hc~
corrected for the attenuation by carbon, 0c is calculated from l—°c= (h
0/hg)/
(h~u/h~u).The data in fig. 4 yield:
0C 0.19(hc/hCU 0.018) and O~ 0.51 (hC/
h~u= 0.054). The values hC/hCu are measured prior to the oxygen exposure. By
plotting O~as a function of h~/h~uthe estimated values are consistent with the re-
sult obtained from the measurement of the substrate Auger peak attenuation O~
1.0 (hc/hc~= 0.14).
4. Conclusions
The procedure of probing surface properties with adsorbed metal monolayers as
described by Rhead [8] was applied to sorption of carbon on copper surfaces. The
AES measurements indicated the monolayer coverage and island formation at low
coverages. By adsorbing oxygen on surfaces contaminated with carbon, the carbon
coverage could be calibrated.
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